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Peat soil has been known to be the major group of problem soil in Malaysia. In 
Sarawak alone, peat covers 13% of the total land area. The main problem in peat is 
the excessive and differential settlement which results di fficult design and 
construction condition. Furthenmore, peat is difficult to sample and test usi ng 
conventional method. One impOliant characteristic that is important for analysi s is 
the consolidation characteristic. This is because the consolidat ion behavior is rel ated 
to the organic content of the soil. Therefore, the aim of this study is \0 invest igate 
the consolidation behaviors of peat, in particu lar the conso lidation parameters with 
respect to the organic content and relationships. The Oedometer consolidation test 
equipment will be used to obtain the results and effects of organic content o n the 
coefficient of conso lidatio n (Cv), coefficient of compression index (Ce ) and 
coefficient of vo lume compressibility (mv). From the experiments conducted, the 
value of Cv was found to be in the range of 0.094 to 0.848 cm2/mi n. Whcre as the 
value of m, was found to be decreasing as the organic content decreased. The value 




Tanah gambut telah dikenal pasti sebagai kumpulan tanah yang bcrmasalah di 
Malaysia. Oi Sarawak sahaja, tanah gambut merangkumi 13%, daripada jumlah 
tanah yang ada. Masalah bagi tanah gambut ialah pemendapan berlebihan dan 
berubah - ubah yang menyebabkan kesukaran kerja merekabentuk dan pembinaan. 
Tambahan pula, tanah gambut susah untuk disampel dan diuji menggunakan cara­
cara konvensional. Salah satu eiri - ciri yang penting untuk dianalisa bagi tanah 
gambut ialah ciri - eiri pemendapannya. lni adalah kerana sifat - s i fal 
pemendapannya adalah bergantung kepada kandungan organiknya. Oleh itu, 
matlamat kajian ini ialah untuk menyiasat sifat - sifat tanah gambut, terutamanya 
parameter pemendapan dan hubungannya dengan ka nuu ngan organik. Uj ian 
pengukuhan digunakan untuk memperolehi keputusan dan j uga kesan kandungan 
organik terhadap parameter pemalar pemendapan (Cv). pemalar kebolehmampatan 
isipadu (mv) dan pemalar index kebolehmampatan, (Ce). Oaripada eksperimen yang 
dijalankan, didapati nilai Cv adalah dalam lingkungan 0.094 hingga 0848 em
2/min 
Manakala nilai mv didapati semakin berkurangan selaras dengan pengurangan 
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[ INTRODUCTION AND SCOPE OF STUDY 

1.1 Introduction 
The aim of this study is to investigate the consolidation behavior of peat 
before and after being modifIed with an increas ing percentage of sand . A series of 
tests are carried out to determine the properties of peat and its relationship with 
respect to the organ ic content after different percentage o f sand increment. The 
fo llowing test are carried o ut in this study: 
i) Moisture conten t 
ii) Degree of humification 
iii) Ignition loss 
iv) Hydrometer analysis 
v) :-;peciftc gravity 
vi) Atterberg limits 
vii) Compaction and 
viii) Consolidation 
1.2 Background 
Organic soils especially peat or sometimes also known as peat swamps covers a 
total of 2.7 million hectares in Malaysia which is an overall 8% of the land. In 
Sarawak alone, peat covers 13% of the total state land area which is approx imately 
1.7 million hectares. Besides being part of the natural landscape of our country, peat 
has been identified as one of the major problem soils in Malaysia and other 
countri es. Peat is generally defined as soil having high organic content. The organic 
content are mainly decomposed plant remains whose accumulation rate is faster than 
the rate of decay' These arc then intermixed with sand, si lt and clay. According to 
Coduto ( 1999), peat has dark brown to black color, a spongy consistency, and an 
organic odor. So il scienti st defines peat as soil with organic content higher than 
:;5%. 
In terms of geotechnical engineering, the Public Works Department, 
\;ta laysia defines soils with organic content more than 20% as organic soils where as 
peat is an organic soil with organic content more than 75%,. Peal is sometimes 
classified as soft so ils because of its instability and long term conso lidation. The 
bulk density, porosity, wood content, degree of humification, hydrology and its 
watcr holding properties are mainl y the fac tors that dctcnnine their physical 
properties (Sunday Tribune, 2003). Almost 90% of peat in Sarawak have depths 
mo re than 1.5m, i.e. which is classified as deep peat. Their depths increases from the 
coast towards the inlands. 
Tropical peat in Sarawak are in genera l non-homogenou,.. The overall 
hydrological characteri stic depends on the rainfall and the surface topography. 
Peatland is somet imes known as wetland because of the high depth of water table 
which is someti mes even higher than the peat surface. Peat has very high moisture 
content and capacity to hold water, making it very buoyant and high in pore volume. 
These characteristic are the main cause of peat to have low bearing capacity and 
bulk densit y. Due to thi s, peat is only capable of canrying little weight. 
In order to develop peatlands for infrastructure or agricult ure, the excess 
water has to be dra ined. But unfortunatel y drainage may cost bigger problems to 
"Clh.'tt from SU l1d~y Tnhunt:. 2003 . www 
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peatlands. According to the Sunday Tribune (2003) , a study by v(elling and HAtano 
has shown that draining out water may cause severe greenhouse effect. Other 
problems are ox idation , conso lidation or subside nce of the land, fl ood occurrence, 
forest fire, pest infestation etc. Consolidat ion or subs ide nce also poses a great threat 
to peatland as it may cause flooding and dam age of structure:, particularly roads. 
Years of study in the engineering fi eld has come up with a few methods of 
improving peat. T hey are the excavation and replacement, vertical drams, piled 
supports, surface reinforcement (geotextile and geogrids) and the Jatest altemative 
which is the light weight fiJI. 
Even though faced with many prob lems, liming and fertili za tion u f peal has 
been widely used in agricu lture and has been successful especially for oil palm, sago 
and pineapple. Other ap plication are such as fuel in many area of the world due high 
to organic content which makes peat a combustible material. Pr<o vious studies have 
also shown the suitability of peat as a filter med ium in biofilters for wastewater 
treatment, (Shibchurn, 200 I) . 
1.3 Scope (If Present Study 
The present study is mainly concerned on the settlement of peat. Thi s is 
because the settlement of so il plays an impOt1ant role in designing a civil 
engineering structures. When a structure is build , there is a com press ion of suil 
layers due to deformation of soil particles, reloca tio n of soil particles and the 
expulsion of water or a ir from the void spaces (Das, 1998). The apparatus uced in 
conducting th e consolidation test is the Oedometer. From the test, 3 main phase:.; that 
needs to be analyzed are; 
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Stage 1 : Initial Compression, mostly caused by preloading 
Stage 2 : Primary Consolidation, during which excess pore water is 
gradually trans felTed into effective stress due to the expulsion of 
pore water. 
~"	 age 3 : Secondary Consolidation, which occurs after dissipation o f po re 
water pressure, when soil defonms due to plasti c readjustment of 
so il 	fabric. 
Sine" peat is considered as soft soil s, it is important to analyze the 
consolidation properties before commencing o n the actual wo rk. The dependency of 
peat on ii S organic content makes it even harder to analyze and cla,sify as results 
va ry depending on the amo unt of organic content. Therefo re, the aim of this is to 
analyze the consolidation of several modified peat so il sampl es . The reason is to 
compare the samples for future improvement of peat so il s. The results of this 
modification will be used as guidelines in improving the peat so il condition is 
Sarawak. 
The objecti ves of the proj ect are as foll ows: 
l. 	 To determine the physical properties of modifi ed peat so il and to compare 
with natural peat soil. 
II. To find out the primary and secondary consolidati on of the mod iti ecl peat. 
Ill. To compare the results and conclude the suitability of the modification. 
IV. To study the consolidation parameters ofthe modified samples. 
The outl ine of the project report are as follows: 
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Sect ion I presents the int rod uction, background, sco pe and the 
objec ti ves of the s tud y. 
Section 2 presents a review of the characterist ic and properties or peat 
so il and its behavior with respect to different experiments. 
Section 3 is coneerned with the experimental investigation study of the 
soil used and the procedures of perfonning the test. 
Section 4 	 presents the results and di scussion of the experimenta l 
investi ga tion outlined in Chapter 3. This chapter also presents 
the relationship and outcomes o f the tlilrerent range o f 
mod ification. 
Section 5 	 Contains an outline of the conclus ions drawn in the project 
and the recommendat ions for furt her development of the 
present work for future research. 
1.4 Limitations 
Eventhough the Oedometer can be used to study the conso lidation of peat 
soil to a certain extent. Still it does have certain limitations. Moreover, the number 
of equ ipment availab le was also insufficient. To perfonn the conso lidation test on 
peat, amp le lime is needed and because of the time needed for each test, it was 
impossible to repeat the test to confinn results. More equipment should be made 
availab le so that tes t can be done simultaneously. A lso to be taken note that the tcst 
is very sensitive to any movement and vibratio n. Therefore, the conso lidation test 
should be perfonned in a separate room free from any disturbance. Fi nall y, to make 
sure ali test arc done according to schedule, it is recommended that the test be 
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co nducted as earl y as possible to make allowance fo r any long compress ion period 
or any repeating of test. 
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2 LITERA TURE REVIEW 
2.1 General 
The main objective of thi s research is to study th e effects on the 
conso lidation parameters of peat soils which have been modifi ed. To investigate thi s 
e ffect, a ll parameters related to thi s research are described below. 
2.2 Basic Properties or Peat 
In genera l, peat is classified in vario us different ways depe nding on the 
purpose for wh ich they are being described. Different emphasis is given according to 
nat ure of study and research. The most relevant characteristic j 11 research is the 
mo isture relationship . acidity, bulk density, poros ity, and the swelling an c! shrinking. 
Informatio n on the moisture relati onship in peat is important c 'pecially when 
comes to the design of drainage. Various methods have been done to determine the 
water co ntent of different organic soils. The results howe ver vary from the other. 
The best method prefen-ed hy so il scientists is by us ing pre~sure plate and pressure 
membrane appara tus. The results (Tab le 2. 1) shows grea t differe nce in wa ter release 
characteristics between different organic materials (Andri esse, I 988). Studies by 
Driessen and Rochimah ( 1977) : quoted from Andriesse (1988) on lowland Borneo 
peat has shown 79-9 1 percent by vo lume at sucti on of 0.0 1 bar, 75-89 percent by 
volume at 0. 1 bar and 7 1-85 percent by volume at 0.3 3 bar (Andriesse, 1998,). It is 
also shown that fibric peats lose their retained water at low suction. 
7 
Bulk density is the most characteri sti c as most properties are related to it. 
The va lue of bulk density is dependant on the amo unt o f compact ion, degree of 
decomposition, botanical composition, and the mineral and moisture content. Bulk 
density for organic so il is defined as the weight of a given volume or so il usually 
expressed on a ur)! weight basis in g/cmJ Values range from 0.05 gicrt! ' in very 
fibric, undecomposed materials to 0.5 g/cm3 in decomposed materials. According to 
Andriesse (1974), the mean bulk densities for Sarawak (Malaysia) peat is repo rted to 
he 0. 12 and 0.09 g/cmJ . While Tie and Kueh (1979) repo rt ed that the bulk densi ties 
is 0 15 and 0.13 g/cmJ in Sarawak. As for specific density (part icle density), 
Driessen and Rochimah (1976) quoted that , fo r peats in genera l to be ranging from 
1.26 g/cm) to 1.80 g/cmJ (Andriesse, 1988). 
The poros ity of peat is dependant on the bulk density. It also determines the 
water retention in so il s. Table 2.2 shows the calculated to tal pore space for tropical 
lowland peal s in Indonesia. 
The texture and ignition loss of peat is important as the estimation of amount 
and di st ribution of mineral matter can predict the drainage behavior in thc soil. 
Skaven-Haug (1972) stated that for tropica l peat con" ·ting of pure organic 
materi als, a presumed ash percentage of one percent seem reasonable 
(Andri esse,1988) 
Shrinkage is the percentage of the original vo lume. tn general, organic soils 
shrinks when dried and swells when re-wetted The shrinkage at range from 90 
percent for aquatic peat to 40 percent for fibric peat. Simi lar to the Canadian peat, 
low land coas tal peat usually show the greatest shri nkage (Andri csse, 1 988) 
Although the chemical compound in peat is se ldom taken into account in 
geotechnical engineering, it is still an important characteri sti c in the classiiication of 
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th e soil. The degree of composition, parent vegetatio n and the original chemical 
environment is the main influence in the chemical composition o f peat. The main 
organic consti tuents can be grouped into fi ve fractions (A ndri esse, 1988, ): 
a) Water so lubl e compounds 
b) Et her and alcohol so luble material s 
c) Cellulose and hemicellulose 
d) Lignin and lignin-deri ved substance 
e) Nitrogeneo us materi als or crude protei ns 
The acidity o r pH of o rganic soils depends on the organ ic con tent itsel f, iron 
sulphide and the exchangeable hydrogen and a luminium. For tro pical peat of 
ombrogcneous and oligotrophic nature, the pH range in water is from 3 to 4.5 . 
Furthermore, the thickest pea t in lowland Borneo has an average of pH 3. 3 w hereas 
shallow peat with pH 4 .3 (Andriesse. 1988). 
2,3 .Moisture Content 
In genera l, al l soils co ntains water. Fo r highly fibrous o rganic so ils, such as 
peat, are generally characterized by relati vely high moi s ture content, sometimes over 
100 percent and an increase in organi c content as l itt le as I to 2 percent can result to 
a decrease of the maximum dry density and an increase in the optimum moisture 
content (Geo tech.nical News Quarterly, 200 I). Accord ing to MARDI , fi e ld moisture 
content of peat ranges from abo ut 100% to 1300% , on a dry weight basis. According 
to Vazirani and Chandola (1994), moi sture content is the rati o of tne weight of water 
present in th e so il to th e dry weight of so il which have been kep t in the o ven for 24 
ho urs at a temperature of 105 to 110' C. 
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2.4 Particle Size Distribution 
The particle distribution is an analysis which involves the determination of 
the percentage of weight within different ranges of size. According to Vazi rani and 
Chandola (1994), in the field method of particJ e size distributio n analysis. the rate o f 
sedimentation is detelmined from the rate of decrease of density of the upper part of 
the liquid as larger particles settle out. The density is measured by hydrometer or 
sieve analysis. The actual dimensions are usuall y in terms of eq ui valent d iameter 
and size fracti o ns are specified as lyi ng between certain limits of paIticle diameters . 
Vazirani and Chandola ( 1994) also stated the limits of equivalent diometer: 
Gravel 60 - 2. 0111 111 
and 2.0 - 0.06mm 
S ilt 0.06 - 0.002mm 
Clay Below 0.002mm 
The results of particle size distribution are widely used in studi es related with 
soi l classifications. A soil is considered well-graded when it has good representation 
of particles of all sizes where as a soil is considered to be poorly graded if it has an 
excess of certain particle, and deficiency of others. 
2.5 Organic Content and Ignition Loss 
Peat is a soi l with high organic content (more than 75%) main ly consisting of 
decomposcd or not fully decomposed plant remams. Geo 0chnical earthwork 
specifications generally require that selected fill be free o f organic matter. 
According to Geotechnical News Qualterly (200 1), fill material s con taining more 
than 2.0 percent by weight of organic matter are generally not used in suitable for 
10 

engineering purposes. To assess fill material s, three randomly selected samples trom 
each so il ,trorum or fill s tockpile are tested. If any of these ind ividual test resul h 
exceeds 3.0 percent, the stratum or stockpile is rejected. 
According to Adel, Huat and Munzir (2003) , the American Socie ty [" .. 





OC 6-20% :Effects properties but behavior is still l ike min
soil s, organic si lt s and clays. 
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BS 1377:Part 3 (1 990) has stated the method of determini ng the organic 
content using the Walkley and Black method where as the mass loss O il ignit io n is 
re lated to the organic content of the soi l. Edil (2003 ) has stated the dett:,minatio n of 
organic content by ignition of the so il at high tempera ture of 440°C to 55 0°C to 
achieve destruction of o rganic matter. For Geotechnical purposes, the American 
Society fo r Test ing and Material s (ASTM) has specified 440°C as percentage of 
oven dried mass at 105°C. According to Adel, et. al. (2003) and Skempton and 
Petl ey (1970) fo und the following relationship between ignition loss (N) and organic 
co ntent (H) 
H ~ I - 1.04 (1 - N) (2.1) 
I I 

Where both Hand N are expressed as ratio and the difference between both is 
negligible for organic content greater than 25%. 
2.6 Specific G.-uvity 
Specific gravity is defined as the ratio of the weight of a given volume of 
material to the weight of an equal volume of water. According to Edil (2003), the 
specific g (~vi t y of so lids in peat and organic so il s is greater than l and increases 
with increas ing mineral content and could be slightly higher for SOme organic soils 
with low o rganic content. In delennination of the spccilic gravi ty. several methods 
can be used such as kerosene displacement instead of water. However. a.n easier 
alternative method is by u; ing ash or organic content ([gnition Loss). Equation 2.2 
shows the average specific gravity of soil solids which can be written as, 
us = 27(1 - OC)+ 1.5 OC (2.2) 
Where GS = SpecifIC Gravity 
OC = the organ ic content or ignition loss. This assumption ma y lead to 
elTor as high as 18% (Edi l, 2003 from Doyle, 1963) 
Edil (2003) also stated that for a given orgamc deposit, correlations between 
specific bYfavity and Ignition Loss or Organic Content can be developed 
experimentally by using the relationship equation shown : 
11Gs = OCI1.365 + (1- OC)/2.695 (23) 
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where OC ~ Organic content 
GS = Specific Gravity 
2.7 Degree of Humification (Decomposition) 
The process where the \·egetati ve material in peat swamps decomposes by 
microbial act ivity is tenned humification. The Von Post Degree of humi ticati on 
(Table 2.3 ) has classi fi ed peat to 10 categories according to its structure . According 
to Harwant and Huat (2003), the Department of Agriculture (USD · ) based on the 
Govemment of Sarawak (1990) classification based on fib re content has also 
subdi vided peat into three subgroups suc h as Fibric, Hemic and Sapnc as shown in 
Table 2.4. The degree of humification, (HOI) is genera ll y used to con-elate the hulk 
density, liquid lim it and natural water content i.e. bulk density increases " ith HOI, 
while liqu id limit and natural water content decreases with HOI. 
2.K Atterherg Limits 
Acco rding to Das ( 1998), Atterberg limit describes the con~ i s tency of fine· 
grained so il s with valy ing moisture content (Figure 2. 1). The concept of Atterberg 
limits for a soil is rel ated to the amount of water that is attracted to the surface of the 
particles . The behavior of the soils can be divided into 4 basic st ates: so lid , 
semiso lid , pl asti c and liquid. In addition to this, the so il and water may flow like 
liqu id if the moisture content is high. 
T he method stated in the BS 1377 for detennining the liquid limit is the cone 
penetrometer method . According to Adel , Huat and Mun zi r (2003), it is impossible 
13 

to perfonn this test if the material is too fibrous. Skempton and Pctley ( \ 970), 
however found a rather good correlation between liquid limit and ignition loss, 
vV, . 0.50 + S.ON (2.4) 
Where WL ~ Liquid limit 
N = Ignition loss 
Moreover, the correlation between the organic con tent and li quid limit 
proposed by Skempton and P,.·i1ey (1970), Miyakawa (1960) and Farrell (1 997) 
including samples taken from other areas according to Adcl , Huat and Nlunzir 
(2003) is shown in Figure 2.2 
2.9 Compaction of Soils 
In general , compacti on is the densification of so il by removal of air fro m 
vo id spaces between particles using mechanical energy. According to Chcng and 
Evett ( 1990), the effec t of compression increases soil density aJ ld there fore produces 
three changes in soil: 
I. Increase in shear strength 
2. Decrease in future settlement 
3. Decrease in permeability 
These changes are benefi cial for most constructi on as soil is used as an engineeli ng 
materi al and in some cases the structure itself ego Earth dams and highway 
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embankments. In other wo rds, compaction is a rather cheap and effecti ve way to 
improve soil properties 
During he process of compaction, air and water is reduced in volume by the 
momentary application of loads. The amount of compaction is quantified in tenns o f 
dry unit weight of the so il. The process of increas ing the density of soil will 
gradually cause a reduction in the vo lume of ai r. Being one of the most widely used 
and the oldest techniq ue of so il improvement , compaction improves tbe engineering 
properties of the so il mass . Results from compact ion test produces the (lpti mum 
moisture content and maximum dry density. By using the results, the mois ture 
needed to get the highest dry density is known. Acco rding to Das (1998) , for organic 
soils, the increase in orga nic content increases the optimum moisture content for a 
given compacti ve effort. 
2.10 Compress ion Bebavior of Peat Soil s 
Structures built on soil are subjected to settl ement. Some settlement is 
tolerable but some is not. [n the case of peat , it is very impon ant to know the cause 
of settlement and the means of predicting settlement. Civil engineers have the 
responsibility to make sure that there is no excess ive settlement of the structure load 
of any civil engineering structure design. Acco rding to Das (1 9 \18), the soil 
settl ement caused by loads may be di vided into three broad categories : 
L Immediate settlement, which is caused by elastic deformation of dry so il 
and of moi st and saturated soil s without any change in the moisture 
content. 
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II. Primary consolidation settlement, which is the result of a volume change in 
saturated cohesive soils because of expulsion of the water that occupies the 
void ~paces . 
lIL 	 Secondary consolidation settlement, whi ch is observed in saturated 
cohesive soils and is the results of the plasti c adj ustment of so il fabrics. It 
is an additional fonn of comprcssion that occurs a t a constant effective 
strc;ss. 
Consolidation is the process of expUlsion of pore water due to loading 
resulting in the vo lume changes in soil with time. In gra nul ar so ils, Ihe ~ett1ement is 
in stantaneous because the granular soils are freely drained . Thi s is called immediate 
settl ement . For fine grained soils i.e. clay, the water is squeezed out of the clay over 
a long peri od of time due to low penncability of the clay. Thi~ resulting settlemen t is 
call ed conso lidation settlement. 
2. 10.1 Primary Compression 
Primary consolidation is a very slow process and may continue over a long 
peri od of time. It is a process of expulsion of water from vo ids in fwe; b'Tained soils 
as a result o f increased loading. This results in the volume o f so il changes with time. 
2, 10,2 Second.ary Compression 
Secondary consolidation starts when primary conso lidati on ends (after 
complete dissipation of excess pore water pressure). During thi s period of time, 
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some settlement may occur because of the adjustment of sod fabncs, 
soils, secondary consolidation is more important than primary consolidation 
of the prt:sence of organic matter which influences greatly the fabric adjustment 
soils, The results vary for different organic matter content, 
'Tertiary compression in onc-dimensional laterally-cantln,:d cOlmr,rcssiml can 
be defined as ri"('rp.q<p of slopc m in a plot of strain rate; verslls log 
relatively constant stretch at m<! (den Haan (1994 ):quoted from 
Therefore compression simply means decreaslI1g 
changing at an HH;reflSI rate (Edil, 2003) 2.3 shows the primary, 
and tertiary phases in the Oeclometer compression, 
Consolidation iii the process of expUlsion of pore induced to 
imposed load. In order to caiculate the consolidation of a soil at any tim, load 
incremenC Terzaghi has developed a theory of One-dlnlCm;rol:nt consolidation (only 
the expulsion of water from the soil). Compare to the three-dimensional 
consolidation which is complex and has limited use, one-dimensional consohdatlon 
is simplitlcatiol1 solVIng consolidation problems. According to Tcrzaghi 
theory, several assumptions are made: 
• The soi I is fully saturated and homogenous, 
• Darcy s is valid. 
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• 	 Soil grains and water are incompressible. 
• 	 The compression and flow is one-dimensional. 
• 	 Co-effi cient of penneability, k ami co-effi cien t of consolidation, Cv is 
constant. 
• 	 There is unique relationship between vo id ratio and effective stress 
• 	 Soil is latera lly confined. 
2.10.5 One - Dimensional Consolidation Test 
In the Oedometer test, the two main parameters required are compressih ility 
and time effect. The compressibility is the measured amount by which the <;o il will 
compress when load is applied and so il is allowed to conso lidate. Time effects is the 
time period over which consolidation setllement takes place. In so il s with low 
permeability, the rate of settl em ent can take a much longer time (months, years, 
decades). Therefore it is impot1ant to estimate the rate of settlement in foundation 
design. Identify ing thi s problem, Terzaghi proposed a theoretical approach to the 
process of conso lidation by designing the first consolidation apparatus which is now 
called 'Oedometer (from Greek oidima meaning swelling). 
Cocrticient of CompressibiJity (a v ) 
Defined as decrease in void ratio per unit increase in pressure 
e 





Ll.e is the difference in void ratio 

Ll.p is the difference in pressure 

Coefficient or Volume Compressibility (m,,) 
Defi ned as the compression of a soil layer per unit of original thickness due 






m ,. (2.7) 
l + ~() 6p 
wherc eo is the void rat io at the start o f pressure increment interval, and is different 
from the 06gina l void ratio at the start of testing 
Coefficient of COllsolidat ion (C,) 
In general, the value of the coefficient of consolidation decreases as the 
liquid limit of so il increases (Das, 1998). The range variation of C for a gi ven liquid 
limit of soil is wide. Coefficient of conso lidation is the parameter which relates the 
change in excess pore water pressure with respect to time, to the amou nt of water 
draining out of the voids of a clay p,ism during the same time due to consolidation. 
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Organic content also affects the coefficient of consolidation. Figure 2.4 
shows the di fferent amounts of organic content and the signiflcant decrease in the 
coefficient of consolidation when the effective stress is increased. Another 
correlation is shown in Fil,1\Jre 2.5 on how the increase in organic content of an 
undisturbed sample causes the coefficient of consolidation to gradually incre~sc 
(Kueh, 1999 from Farrell, O'Neill & ivlorris, 1994) 
For a given load increment on a specimen, two graphic methods are 
commonly used for detennining C from laboratory one-dimensional consolidation 
test One is the log~ri thm-of-time method proposed by Casagrande and Fodum 
(1940) and the other method is the square-root-of-time method suggested by Taylor 
(1942)* 
Logarithm-of-time method, 
c = 0.197H ",/, 
, (2.8) 
Square-root-of-time method, 
2c = 0.848H " , 
, (2.9) 
t ljl) 
Where H d, is the average longest drainage path during consolidation. 
An alternative method as illustrated in Figure 2.6 is used for peat. Definitions 
and tenns used for peat in Figure 2.6 are as follows: 
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Plim ary Consolidat ion (Cp) : Total compression accompanied by the dissipation o f 
excess pore water pressure which takes place during a load ing stage from the end of 
the primary consolidation to the previous stage to the end of the primary phase of lhe 
stage considered. 
Time (tp) : The time elapsed from the start of the load increment to the end of the 
primary phase. 
Initial Compression (C;) : The amount of compression which occurs from the instan t 
of load ing (t = 0) to the arbitrari ly selected time t = 15s (0.25 min) , being the time at 
which the first sensible settlement reading can usually be observed (d,,). 
Compression t.Hp : The cumulative compressio n of the specimen up to the lime tp• 
nonmally when t.Hp extends a horizontal line it will be th~ d ,,, , where 100% 
conso lidation occurs. 
Coeffic ient of Secondary Compression (Co) : The ratio of the change in height of 
the specimen over one cycle of log time during the secondary phase, to the original 
height of the spec imen. 
Coefficient of Secondary Consolidation (eu) 
During the end o f primary conso lidation (after complete di ss ipation o f ex ess 
pore wa ter pressure), some settlement is observed due to the plastic adjustment of 
so il fablics. This stage is called secondary conso lidation. During secondary 
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consolidation, the plot of deformation against the log of time is practically linear 
(Figure 2,7), 
The variation of thc' vo id rati o with time for a given load increment will be 
sim ilar to that shown in Figure 2, 7, T his variation is show n in Fi gure 2,8 , The 
coefficient of secondary conso lidati on can be defIned from Figure 2.8 as 
e !I.e
Ca - --- = (2, I 0) 
Logl, -Logl , Log (I:!,) 
I , 
w here, 
Cu = Coeffi cient o f secondary conso lidatio n 
!I.e = Change of void rati o 
Secondary conso lidat ion ma y not be obvious for inorgan ic soil s hut may be 
prominen t in highl y organic soils. Based on di fferent rel ati onship between Cu and 
Cc, Bowles (1 984) suggested the values of Cu / Cc ::;0 ,005 for inorgani c so il s und 
the cOITesponding values for organic soi ls are in the range of 0,07 to 0, 10. Typica l 
va lues of Cu fo r severa l so il are given in Table 2.5 
Compression Index (Ce) 
After the laboratory test results fo r void rat io and pressure have been 
obtained, the compress io n index for the calculation of fIeld settl ement c",Il ',ed by 
consolidati on can be determined by graphic construc ti on as shown in Figure 2. 9, 
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Furthermore, the formul a used in calculating the Cc is taken from Das (1998). The 
formula used is shown in eq uation 2.11. 
(2. 11 ) 
where, 
e" e-z, P, and P, are illustrated in Figure 2. 10 
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T BL S 
Table 2.1 Water ""'I'ntion properties or tbree diHeren t organic soils (source 
ova I 1960 d I Fsrnham and F' mney 196-) • as quote JY :.. 
Ki nd of organic 5011 horizon 
Fibric MesIc Saprlc 
Water retention 111 0 bar(% ) 570 193 163 
Water relention 1/3 bar (% ) 378 150 144 
W ater re tention 15 bar (%) I 67 84 100 
Table 2.2 Calculated totnl pore space (% vo\.) ror tropical lowland peats in 
(ndonesia (A ndriesse , 1998) 
Speci fic bulk dens ity (g/cm' ) 
1.30 1.40 1.50 
Non-specIfic bulk 
densIty %volume l%volum e %volume 
0 .10 923 92.9 93.3 
0 .1 5 88.5 89.3 90.0 
0.20 84.6 85.7 I 86.7 
025 80.8 82.1 83.3 
Table 2.3 Von Post Degree of humification (Liano, 1998) 
Degree of 
humifi cat ion 
Descri ption 
HI Completely undecomposed peat which releases al most clear 
water. Planl remams eas il y identi liable. 0 amorpho us 
material present 
H2 A lmos[ completely undecomposed peal, which releases clear 
or yellowish water. Plant remains still easily identi liable. No 
amorphous material present. 
H3 Very slightly decomposed peat wh ich releases muddy brown 
water, but for which no peat passes between the li ngers. 
Plant remains still identifiabl e and no amorphous materials 
present . 
1-14 Slightly decomposed peat , which releases very muddy dark 
water. No peat is passed between fingers but the plant 
remams are slightly pasty and have lost SOlne o f tbe 
identi liable features. 
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H5 Moderately decomposed peat which rel eases very "muddy" 
water wi th also very small amo unt of amorphous granu lar 
peat escaping between th e fingers. The structure of plant 
remains is quite indistinct, although it is still possible to 
rccognize certain features . The residue is strongly pasty. 
H6 Modcrately strongl y decomposed peat wi th very a indistinct 
plant structure. When squeezed, about one-th ird o f the peat 
escapes between the fingers. The residue is stron 'Iy pasty 
hut show the plant structure more di stinctly than before 
squcczinll;. 
H7 Strongly decomposed peat. Contains a lot of amo rphous 
material with very faintl y recognizable plant structure. When 
squeezed, about one-balf of th e peat escapes between the 
fmgers. Tbe water, if any is rel eased, is very dark and almost 
pasty. 
[ [8 Very strongly decomposed peat with a large quantity of 
amorphous material and very dry indisti nct plant st ructure. 
When squeezed, about two-thirds of the pea t escapes 
between the finger;; . A small quantit y of pasty water may he 
re leased. The plant materia l remain ing in the hand consists 
o f resid ues such as roots ami fibres that resist decompo,itiol1. 
H9 Practically full y decomposed peat in whi eh there is hardly 
an y recognizable plant structure. When squeezed, almost all 
of the peat escapes between th e fi ngers a, a t1ti rly unifonn 
paste. 
HI O Compk tely decompost:d peat with no di scemib1e plant 
structure. When squeezed, all the wet peat escapes between 
the fin~ers. 
Tahle 2.4 USDA classification based on fibre content (Govt. of Sarawak, 1990) 
(Harw3nt and Hu at. 2003) 
Type of peat Fibre conlcnt \ 'on Po~t class 
Fibric peat Over 66% H4 or less 
Hemic peat 33 to 66% H5 or H6 
Sapric peat less than 33% !-J7 
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Table 2.5 Typical valli e of Coefficient of Seconda ry Compression. ea (llfter 
Ladd. 1967) 
Types of Sod Cn 
Normall y consolid ated clay~ 0.005 to 0.02 
Very plasti c soils, Organi c soil s ~.03 
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(Kueb. 1999) 
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Figure 2.9 ·onsolidation characteristics of normally consolidatcd clay of low to 
medium sensitivity. (Das, 1998) 
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Pressure, P (kPa) (Log scale) 
Figure 2.10 Grapb of e log p curve (Das, 1998) 
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3 	 EXPERIMENTAL INVESTIGATlON OF 
PEAT SOIL 
3.1 	 General 
The experimental investigation was mainly concerning the effects on 
compression behavior of peat which have been modified with sand. The reason for 
using sand as the modification properties are because sand is easily availab le" stab le 
in propeliies, contain" minimum organic content and also the conventio nal method 
for treating peat. The consolidation parameters consists of the coefficient of vol ume 
compressibility (my), coefficient of consolidation (Cv) and the compression index 
(Cel. Furthermore, the experimental work were carried out by using one sample of 
peat and later modifying it into five different samples according to the amo unt of 
sand added. This study consisted of the collection of samples. determination of 
moisture content, organic content, specific gravity, liquid limit and tlnally, the one-
dimensional ocdometer test. The procedures for conducting the experimental 
investigation was based on the British Standard BS 13 77 :1990 or otherwise stated. 
The following sections provide a brief description of the methods employed in the 
experimental investigation. The results obtained for peat soi l and modified pea l soil 
are presented separately in Section 4. 
3.2 	 Collection of Samples 
The collection of samples has been taken from a single site which is Matang. 
This is because there is sufficient supply of undisturbed peat in the rural areas in 
Matang. The sample was taken from a depth of approximately 0.5 - 1.0 m and 
33 

placed in relevant containers according to their tes ts and packed accordi ngly during 
transportation to the laboratory. 
3.3 Determioation or Moisture Content (w) 
Determinati on of moisture content is done by using the procedures detailed 
in BS 13 77 : Part 2 : 1990. This method is also known as the oven-drying method. 
The method covers the determination of the moisture content of a specimen of soi l 
as a percentage of its dry mass. The moisture content is calculated by using Equation 
3. 1 as shown below : 




m, is the mass of container (in g) 
Ill , is the mass of container and wet so il (in g) 
m3 is the mass of container and dry soil (in g) 
The procedures include the cleaning and drying the container and weighi ng it 
to the nearest 0.0 I g (m,) . The soil sample whi ch about 30 g is crumbled and placed 
loosely in the container and weighed to the nearest O.O lg (m2). Then, soi l sample is 
placed in the oven and dried at lOSoe to llO°C. After 24 hours oven-dried , the 
container including the dry sample in weighed (m3), and finally the moisture content 
of the soil is determined . 
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3.4 Particle Si7.c Distribution 
The hydrometer test is one of the methods that has been used ill the 
measurement of the particle size distribution in the silt range (20 - 60 1I1ll) for peat. 
(Figure 3.1) The test is done according to BS 1377 : Part 2·1990. By knowing the 
amount of soil in suspension and the time, the percentage of soil by weight finer 
than a given diameter is detcnrn lllcd. Then, the equivalent particle diameter. D (in 
mm) is calculated by us ing the equation below 
D = 0.005531 ~­ (3.2) 
~c;;:=l) I 
where 
'7 is the dynamic viscosity of water at the test temperature (in mPa) 
He is the etfeetivc depth at which the density of the suspension is measured 
(in mm) 
p, is the particle density (in Mglml) 
t is the elapsed time (in min) 
Finally, the percentage by mass, K of particles smaller than tbe corresponding 
equivalent particle diameter, D (Equation 3.1) is tben calculated and was plotted 
against the corresponding particle diameter to obtain the percentage of peat Iraction 
passing 2 11m 
K = lOOp, x (3.3) 
m(p, - I ) 
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where 	 m is the mass of dry soil used (in g) 
Ru is the modifi ed hydrometer reading ( Rd = Rh· - R,,') 
3.5 Determination of Ignition Loss and Organic Content 
In order to determine the ignition loss, the organic content is calcul ated by 
applying Equation 2.1 in Section 2. This is because the equation shows the 
relati onship between igni tion loss (N) and organic content (H) (Ade!. Huat and 
M un zir (2003), and S kempton and Petley ( 1970). T he procedure fo r detenn in ing the 
ignition loss (N) is based on BS 1377 : Part 3 : 1990. A crucible is placed in the 
muffl e furnace at a tempera ture of 440°C ± 25°C fo r I ho ur and then weighed as the 
mass of cru cible (me). A so il sample which have been dric;d in thl! oven at 50°C ± 
25°C for 24 hours is then weighed together with the crucible (m)). Finally, to ignite 
the specimen, the so il sample together with the crucible is hea ted in the muffle 
furnace at 440°C ± 25°C for 4 hours and then weighed the sample to ob tain the 
mass of crucible after ignition (m4). From equation (3.4) , the ignition loss (N) is 
ob tai ned. 
m - m
N =.1 , 	 x 100% (3 .4) 
m '}. - m e 
where, 
m) is the mass of crucible and oven-d ry so il s pecime n (in g) 
T114 is the mass of crucible and spec imen after ignition (in g) 
me is the mass of crucible (in g) 
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N is the ignition loss 
Finall y. the organic content is calculated from Equation 2. 1 as shown below. 
H = 1 - J.04( 1 - N) 
Where 	 H is the Organic Content 
N is the Ignition Loss 
3.6 Determination of Specific Gravity 
The specific gravi ty or particle density is detennined using the small 
pyknometer method as described in BS 13 77 Part 2 : 1990. At least 2 specimens 
passing through the 4251llU BS sieve, each between 5 g to 109 of dry so il s dri ed at 
105°C to 1100C is used . Before the test, the bo ttl e and stopper is cleaned and 
weighed to the nea rest O.OO lg gi ving the mass o f density bOille (m,) . Then, the dri ed 
so il sample is weighed together with the bott le and sto pper (m ,) . Suffi l!ient dist ill ed 
water was then added to cover the soil in the bottl e and left for 24 hours for the soil 
to settle. After that the air is removed gentl y by subjecting it to vacuu for about 
one hour until the air is di sso lved. This is then weighed and recorded (m3). The 
bottle is then cleaned and fill ed completely again with di stilled water. The bottl e is 
then weighed to obtain the mass of bottle when full of water (m,). With all data 
taken, the specific gravity is calculated by us ing equati on (3.5). 
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m.., ~-m i 
!' = ---~-----'---- (.1.5 ) 
(m, - m,) - (m , - m,) 
where, 
ml is the mass of density bottle (in g) 
m2 is the mass of bottle and dry soil (in g) 
m) is the mass of bottle, soil and wa ter (in g) 
m, is the mass of bottle when full of water o nly (i n g) 
3.7 Determination of Liquid Limil 
There are two methods lor detennining the liqu id limit of so il s which are 
Cone Penetration method and the Casagrande method. In this study, the Cone 
Penetratio n method is chosen (Figure 3.2) because it has heen proved to be more 
consistent and less liable to experimental errors compared to those obtained by the 
Casagrande method (Sherwood and Ryley, 1968; quoted fro m Head, 1980). The test 
procedure is done according to BS 1377 Part 2 1990. The sample passing the 
4251lm sieve weighing 200 g is taken. T he soil is placed on flat glass and di still ed 
water is added . T he sample is mixed thoroughly with two palette leni ves until the 
mass becomes a thick homogeneous paste. The pa ste were then placed in an airtight 
container and left for 24 hours to allow uniform distribution of moisture without loss 
of water. After 24 hours, the sample is placed on a glass plate and mi xed for 10 
minutes. To allow first cone penetration read ing to reach about 15 mm , more water 
is added. A portion of the samp le were then pushed into a cup using a palette knife 
and excess soil is striked off The penetration cone was then lowered until the tip 
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touches so il surface, then locked in position . The dial gauge was [ower~d and the 
reading was recorded to the nearest 0.1 mm. 
The cone was then released for a period of 5 ± I s and the readings recorded. 
The cone is [i fted and cleaned. The moisture content of the sample is then 
detennined . This process is repeated until the difference between the firs t and 
second pene tration readings is less than O. Smm . The average of the two pene tration 
is recorded . The test is repeated five times by increasing the distilled wmer. The 
moisture content and cone penetration relationship is then plotted. The mo isture 
content corresponding to a cone penetration of 20 mm is taken as the liqu id limit . 
3.8 Compaction Tests 
Compacti on of so il is done to obtain the relationship between compacted dry 
density and so il moisture content between pea t so il and modified peat so il. The 
method of conducting the test is by using the standard proctor test as suggested by 
BS 1377 Part 4 : J990. To avoid the laborious hand compaction , an auto matic 
compactio n machine is used . In this project, the light compaction test in which a 2. 5 
kg rammer falling through a height of 300 mm is used to compact the soil in three 
layers into all compaction mould. In addition, an automatic blow pattern ensures 
optimum compaction for each layer of soil , since the plate in which the mould is 
placed rotates in equal steps on a base that is extremely stable. The number of blows 
per layer used is 25 times. This is because peat soi l is fine-grained and easil y 





p - . l (3.6) 
v 
where, 
v is the internal vo lume of the mould (in cm l ) 
m l is the mass of mould and baseplate (in g) 
me. is the mass of mould , basep late and compacted so il (i n g) 
And the dry density, I'J (in Mglm l) is ca lculated 
lOO p 
p = (3.7)
100 + \I 
where w is the moisture content of the so il (in %) 
From a series of tri als, the value of dry densit ies and moistu re content are 
plotted as ord ina tes. A curve is then plotted in order to obtain the max imum dry 
density and opti mum moisture content of pea t and modified peat so il. 
3.9 One - Dimen ;olla\ Consolidat-ion Tes t 
3.9.J Preparation of SoiJ amp\es 
Several peat so il samples is taken fro m a si ngle location and later modified 
into 4 different samples using different amo unt of sand. This is to investi gate the 
effects of the modification towards the conso lidation parameters of the sampl e. The 
conso lidation apparatus (a lso known as the oedometer) is used to carry o ut the test. 
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All proced ures of the test are done accord ing to BS 1377 : Part 5 : 1990. The 
conso lidation apparatus can referred to Flgure 3.3. The samp les are compacted at 
optimum moisture content by using the standard Proctor test. The amount of ratio 
for modificati on is stated below ; 
Ml Ori gi nal pea t 

M2 Peat + 10% sand 

M3 Peat + 20% sand 

M-I Peat + 40% sand 

3.9.2 Preparation of Test Specimen and Cousolidation Cell 
The sample of undisturbed soil is obtained using a sample tube . Short length 
of samples is then extruded in the lab . Before beginni ng the test , porous plates are 
check so that they are not clogged and the plates are highly permeab le. The porous 
plates are then boiled in distill ed water for at least 20 mi nut~s . A consoli dation ring 
(75 mm diametcr and 20 mm hei gh t) which is to be used is also cleaned and 
weighed. This ling is then placed and pressed on top of the so il samp.lc which was 
ex truded earlier. The extra length of soil is then cut by using a fine piano wire. The 
sample plus ring is then weighed. 
By using the procedures stated in the BS 1377, the porous plate is placed 
centrally in the conso lidation cell. The specimen is then placed centrally on top of 
the porous plate . Another porous plate and a loading cap is later placed on top of the 
spec imen. After the consolidation cell is positioned on the bed of the loading 
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apparatus, the counterba lanced loading beam is adjus ted so that when the load ­
transmitt ing members just make contact wi th the loading cap the beam is 'lightly 
above hori zonta l position . The compression gauge is then clamp securely into 
position to measure the rel ative movement between the load ing cap and the base of 
the cell. When the test is started, the displacement in re lative to time is recorded. 
The specimen is fu ll y saturated by means the cell is filled with di stilled water before 
s tarting and also fill ed all the time during the test. 
In each tage, an increment of load is app lied to increase the pressure on the 
soi l specimens. The loading increments used in this s tud y is in the fo llowing range: 
5, 10, 20, and 40 (kg). Each load increment wa~ civne for 24 ho urs because the 
sample is considered as fi.dl y conso lidated and saturated. After the flll al p res ure 
applied is reco rded, the load is removed from the test spec imen. The ring and 
specimen is then weighed before taking out the speci men to oven dry [or 24 ho urs to 
detennine the fin al moisture content and dry weight Ol'the so il. The fo llow ing data is 
recorded after the test has been completed. 
• 	 The initial and final dimension of the sample; 
• 	 The initial and final moisture content; 
• 	 Plottin g the graph for compression v S time (log time or square root 
time) for each load increment; and 
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4 	 EXPERIMENTAL RESULTS AND 
DISCUSSION 
-1. 1 	 General 
There are three consolidation parameters to he determined in this s tud y: 
(i) 	 Coefficient of consolidation (Cv), 
(ii) 	 Coefficient of volume compress ibility (m,), and 
(iii) 	 Coefficient of compression index (Ce) . 
The tests were carried out using so il samples taken from a single loca tion and 
later modified into 4 different samples: 
MI Original peat 

M2 Peat + 10% sand 

M3 Peat + 20% sand 

M4 reat + 40% sand 

In thi s sect ion, the results of the experimental investigation are presented and 
di scussed. Basically, the resu lts obtained are from the soil classification test and one 
- dimensional consolidation test. Finally, the result s from the experiments are 
discussed in the follow ing sections. 
4.2 	 Degree of Humification 
During the process of sample co ll ection, the sample was analyzed according 
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to its structure and classified using the Von Post Degree of humification. From 
Tab le 2.3, the so il sample is class ified as H5 which is moderately decomposed peat, 
that releases very '·mudd y" water with a lso very small amo unt of amo rpho us 
granular peat escaping between the fingers. The structure of plant remains is quite 
indistinct, although it is ~t i ll possible to recognize certain features. T he residue is 
strongly pasty. 
4.3 Loss on Ignition and Organic Content of Soil Sample 
Organi c content of peat so il is determined from the Loss on Ignition le,t as 
stated in BS 1377 : Part 3 1990 together with eflUJtion (2. I) deve loped by 
Skempton and Petl ey (1970) as stated by Add, Huat and Munzir (2003 ). The results 
of the loss on ignition and organic content are shown in Table 4. 1. From Tuble 4.1 , it 
shows that the organic content for original peat is 95.57 %. It is also seen that the 
organic content decreases fo r every increment of modifica tio n. 
4.4 i\1oislure Content of Soil Sample 
In general, the higher the organic content , the higher the moisture content of 
peat. However, it depends on the loca tion whether the samples are taken from higher 
gro und or waterlogged locations. The sample taken from Matang (Table 4.2) shows 
high in moisture content due to high in organic content and was taken from the 
waterlogged conditions area. 
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4.5 Particle Size Distribution 
The method used to obtain the particle size di stribution is the Hydrometer 
test This is suitable for fine grained so il such as peat and however cannot be 
perfonned for samples which had been modified with sand. The test are performed 
in accordance to BS 1377 : Part 2: 1990. Furthennore, from the hyd rometer test the 
results show that the so il contains about 22 % passing 2 flm The particle size 
di stribution curve for sample M I (original peat) are shown in Figure 4.1. Figure 4.2 
shows the calibration of hydrometer readings to detennine the equation of the 
calibration line by plotting the values obtained for effective depth (He) against true 
hydrometer reading (Rh). In Table 4.3 presents the hydrometer sedimentation tcst 
data, results and corresponding calculation. 
4.6 Effects of O rganic Content on Specific Gravity 
The spec ific gravity test is done using the small pyknometer as stated in BS 
1377 : Part 2 1990. According to Edil (2003), the specific gravity of so lid s in peat 
and organi c so i Is is greater than I and increases with increasing mineral content 
Using the data from the small pyknometer test, the specific gravity for each sample 
is calculated from Equation (3.5). The results for the four different samp les are 
shown below in Table 4.4. Here, from Table 4.4 , the value of specific gravity 
increases for every increment of modification. This is because for every increment 
of sand , the organic content of peat decreases. The experiment results indicated that 
the increasing in o rganic content caused the decreasing in the specific l,'Tavity of the 
soil (Figure 4.3) . 
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4.7 Errccls of O" ganic Content on Liquid Limit 
Liquid limit (LL) is the moisture content corresponding to a penetration of 
20 mm by using the Cone Penetration method. The penetration of the cone into the 
soil sample was measured at a variety of moisture content. Thus, the liquid limit 
obtained between peat soil and modified peat soil is tabulated in Table 4.5. Besides 
that, the determination of plastic limit (PL) and plasticity index (PI) are also shown 
in Table 4.5. Furthermore, the correlation between organic content and liquid limit 
of the four samples presented in Figure 4.4 clearly shows that the liquid limit 
incrcases as the organic content increased. Therefore. the results obtained from this 
investigation were found to be in general agreement with Adel, Huat and Mun zir 
(2003) (Figure 2.2). 
~.8 Effects o f Organic Content on Compaction 
The compaction test was carried out by using the standard Proctor test as 
suggested in BS 1377 Part 4 1990. From a series of trials on each sample, the 
values of dry density and moisture content are plotted to fonn a curve where the 
maximum dry density and optimum moisture content is obtained. The results for the 
maximum dry density and optimum moisture content for each sample (M 1. M2, M3 
and M4) are summarized in Figure 4.5 and also tabulated in Table 4.6. Moreover. 
the results obtained from the experimental investigation have been found to be in 
agreement with the results reported by Das (1998) which indicated that the optimum 
moisture content for a sample increases as the organic content increases, Fib'Ure 4.6 
shows the results which indicates the increase in optimum moisture content for 
every increasing organic content for all four samples. 
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4.9 Coeffi cient of Consolidation (C,.) 
The coefflcient of consolidation, C y was detetmined by using the Square­
root-o f-time method as described in Chapter 2. The resu lts of the coefficient of 
conso lidation C. is presented in Table 4.7. The experimental results for deformation 
versus square root of time for different load increment between peat and modifled 
pea t so il are presented in Figure 4.7, 4 .8, 4.9 and 4 .10 respecti vely. Furthermore, the 
relati o nship between the coefficient of conso lidation, C y at t90 and the load 
increment for each sample are summarized in Figure 4 .11 . 
From all figures plotted, it was observed tllat all four sampl es have it si milar 
trend. They indica te the high decrease in C y at the beginning of the pressure 
increment. Th is is because most of the water was drained out o f the vo id s during the 
initial pressure increment. Due to the limitations of time and equipment, it was 
impossib le to dctenn ine further the reasons representing the behavior of these 
samples. 
4.10 Coefficient of C ompression Index (C,) 
The coefficient of co mpression index, C, for each of the sample is ca lcu lated based 
on the e-Iog p curve graph presented in Figure 4.12, 4 .13. 4.14 and 4 .15. From the 
results obtained, it shows that the coefficient of compress ion index, C, Increases 
with an increase of mo isture content (Table 4. 8). In another words , the more the 
sample was modified, the less is the results of its Co- This is because the vo id ratio 
decreases as the sample was further modified . Thus, the results obtained from the 
experiment were fo und to be in general agreement with Kueh (1999) . Figure 4 . 16 
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shows the relationsh ip between the o rganic content and the coefficient of 
compression index for each sample obtained. 
4. 11 Coefficien t of Volume Compressibility (Ill.) 
The coefficient o f volum e compressibi lity, mv is calculated by using equati on 
(2.5) and (2 .6) in Sectio n 2. The resu lt s of my for each sample and load increment is 
shown in Table 4.9 . The va lue of the volume of compress ibility, my obtai ned from 
the experiment is plotted versus pressure which is presented in Figure 4.17. 
From Table 4 . 10, it can be seen that the average my decreases when 





a "* , ' I I Ie '1 T hi e I o rgamc contcnt 0 f peat SOl and mod ' li d peat SOl 
Sample Loss on ignition, N (%) Organic content, H (%) 
lvI l 'h.74 95.57 
M2 88 03 87.55 
M3 74.04 73.00 
M4 50.17 48.18 
T 3 b l c 42 I\l'olsturc contcnt 0rSOl'1 sam ple 
Location Moisture content (°' 0) 
Matang 698 .45 
Table " ..1 Hvdrometer sedimenta tion test data, . resulls and c'lIculatiolls • 
Elap; cd 
lime, l True Efrective Part icle Correcled (ljo finer 
(min) Temperature Hydrometer reading, depth, He diameter, readmg, than D, 
0 (' C) read mg, Rh Rh' (mm) D (m ill I R K(·~) 
0.25 25 IUO 1 I .5001 1004 9 0 1745 9. 50 9i , ~~ 
0.5 25 11.50 21.5002 100 49 0,123,1 9 ,50 9 7,8·1 
I 25 I 1.50 21. 5Il02 100 4 9 (I . 0~" 2 Q 50 9 7R ~ 
2 25 11.30 21 7002 WO.69 0 ,0 61 7 9.)0 95 .78 
4 25 I LOll 22 ,0002 I 0 .99 0 ,0437 9,()() 92 ,69 
9 25 10 00 23 0002 10 1.99 0.0293 8,00 82,39 
15 25 800 25.0002 103 99 0,0229 6 .110 61.79 
30 25 7,00 260002 104.99 0 .0163 5,00 5 1,49 
60 25 6, 10 26 .9002 IOS. R9 O,OI IA 4.1 0 4.1.~2 
120 25 5,10 27 .9002 106.89 (I.IJ082 3. 10 31 ,<l3 
1440 ::5 3.90 29 . L (1(12 IOR .OY () . 00~4 1.90 19,5' 
T able 44 S'peC!' fi Ie gravi or allfour sampt es 
Sample M I M2 M3 M4 
Specilic gravity, ps 1.241 1.274 1.346 1.535 
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T a ble 4.:l- L',lqUI'd r)nllt . for four sam~ es 

Sumpl e 
 M I M4 
Liquid limit (%) 
Ml M3 
230 22 3 218 209 
Plastic limit (%) 109.4 99.2 
~ticity Index (P I) ("!o) 
128.2 120.0 
101.6 103.0 108.6 I 109. 8 
Table 4.6 J\laximum dry density and optimum moisture content for each 
sampleI 
Sample M I M2 M3 M4 
Maximum 
(Mg/mJ ) 
Dry DenSity 0.524 0.6 17 0.703 0.845 
Opti mum Moisture 
Content (0 OJ ) 
104.1 77.5 58.8 38.0 
Table 4.7 Resulls of Coefficient of consolidatioll fo r samples MI , 1\12, 1\13 and 
M4 fo r different load increments 
Sample C, 10r O- 11 .4 1 kP~ 
(elll '.min) 
C, lor 11 41 - 22.S2 
kPa (C Ol:! "min) 
C. for 21 . ~ 2 ~5 . 63 
kPa (e m'; 'm in) 
C, fo r ~5 . 6 3 . 91.26 
kPa (cm2/rnin) 
MI 0.262 0 . 13(, 0.125 0.125 
:vIl 0. 23 5 U. 14 1 0 . 125 11094 
M3 0 .84 8 03 77 n .!12 0 .23 5 
M4 0 .1 J(, O.lon n13 1 li .175 
T able 4 8 Cocffi ' t 0 f C n 0." caeh sampleIClen ompresslon r dex f 
Sample M I I M2 M3 M4 
C, 6.645 It 10" I 4.153 x 10" 3.3 22 x 10" 2.990 x 10" 
Table 4.9 Coefficient of volume compressibil ity for sample MI. M2, rand 
M4 fo r different load increments 
Sample TTl , fo r 0 - I I AI kPa 
(m'/kN) 
m, for IIA I- 22.82 
kPa (m'/kN) 
mo. fo r 12.~2 45. 63 
kPa (m kN) 
Ill, for ~5M - 9U6 
kf'a (m-/kN) 
MI I~ I S x 10 1.758 x 10' I.I~O x 10' 7.048 x 10 
M2 6.30 x 10' 8.037 x 10" 5.73~ x 10" 3.95Yx lv' 
MJ 4.4 17 x Ill" 6.137, 10" 4.465 x 10 1.523 x 10' 
~ 1 4 1 .61 7 x 10 ' 5.323 X 10 1.9~ 1 x 10' 3.11·lx 10') 
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a ue 0 average m, T a ble 4 10 V 1 f 
Sample M I M2 MJ M~ 
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Figure 4.1 Particle size d istribut.ion curve 
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Figure 4.7 Deformation versus Square root of time for M I 
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Figure 4. 11 Relationsh ip between coeffi cient of consolidation, C, and pressure 
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Figure 4.12 Graph e log p for sample Ml 
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Figure ~.l7 Relationsh ip between coefficient of volume compressibility, m, and 
pressure for sample MI , ,\-12, 1\13 and 1'14. 
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5 CONCLUSIONS AND RECOMMENDATIONS 
FOR FUT URE STU DY 
5. 1 Conclusions 
T he s tudy was ~oncemed with the comparison of the consolidatio n I, ..o perties 
fo r pcat and modified peat. The test was ca rri ed out on four diHerent samples fo rm one 
part icular locati on where three of samples were modifi ed so that each sample has a 
different organic cont"lll. 
The results show that the peat sample taken contained high organic content. The 
spec ific gravity obta ined from the small pyknometer method shows that increa se in 
organic co nt ent decreases the value of specific gravity. However, results of the li quid 
limit test indicate that the liquid limit increases as the organic content increased. The 
compact ion test showed a similar trend where the optimum moisture conten t for the 
samples increased as the organic content increased. 
The conso lidation test was performed using the one - dimensional conso lidation 
test apparatus. From the tes t it was shown that all fo ur samp les show a similar trend. 
However it was very difficult to determine the re lationship between the o rganic content 
and the coefficient o f consolidatio n. Mo re tests should be carried ou t to ful ly understand 
these re lationship . 
From the results, it was unable to o btain the coeffici ent of secondary 
compress IOn. This is because the defonnation of peat wit h respect to ti me kept on 
increas ing in a similar rate even after the maximum load ing was placed and even after 
the last loading was placed, the primary consolidation still takes p lace . T hi s is because 
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of the fibre content which is present in peat which makes the rate of pnmary 
conso lidation longer. 
The ex perimental results also shows that as the organic content increases, the 
coeffi cient of compression index C, also increased. The similar trend is ob tained for the 
coefficient of vo lume compressibility, m, where the average m, decreases as the 
organic content decreases. The reason for thi s behavior is because pea t contains hi gh 
o rga nic and fi bre content. This c riteria determines th e characteris tic of the so il. 
Consequentl y, th e results obtained fo r peat samples taken from different l o~a ti on may 
vary. 
5 .2 	 Recommendations 
As the study was carried out, several recommendations are to be made l'or 
prob lem so lving and future studies. They are as follow s: 
i) More samples from different places should be taken and studied so that 
variety of analys is can be done for peat soi l 
ii ) 	 Compacted pea t was inves tigated under one - dimensional oedometer tes t 
without cons idera tion pelmeability and suction in the samples. Thus, fuli her 
development and resea rch on thi s subj ect should be considered since peat 
has a VC IY high capilla ry potential that allows it to retain water in its 
stru cture. 
iii) 	 More time is needed especially when studying the conso lidation behavior of 
peat so il since it is tilne consuming. 
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iv) All laboratory equipment should be calibrated and in good working 
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Loss on Ignition Determination 
Location Matang 
Depth 1 meter 
Tested by Arasavindiran. M 
Cruci ble No MI M2 M3 M4 
Mas, of crucible, me (g) :2 14 2 2 1-l7 21.42 20.64 
Mass of crucibl e + clry soil , 111 3 (g) 22.36 22. 89 23 .50 23.63 
Mass of crucible + sa111ple (after 
ignition), 1114 (g) 
2146 2164 2 1. 96 22. 12 
Loss on Ignition, N(~ o ) 
"I = (111 1-1114/111 , -111e) x 100% 
95 .74 88. 03 7-l .04 50. 17 
Organic content, H(%) 
H = I ­ 104(I - N) 
95.57 87.55 73 .00 48. 18 
I 
c 
Specific Gravity Determination 
Location Matang 
Depth 1 meter 
Tested by Arasavindiran. M 
Sumple 
Bott i. No 
M I ~ 12 
IA IB IC 2A 28 2C 
Mass ofixlIlle , 01 , Ig) 17.2 1 18 . ~7 17.94 I~ . 3 5 18.96 IHR 
Mass orbat1l !! .. dry soil , In; 
(g) 
13.64 2n 78 19 .30 19. 77 20.55 19.51 
Mass of buttle ­ soil -+ "vater, 
rn, (g) 
42.35 44. 20 43.28 4329 43.YO nU6 
Mass of bott le full Of \\o'3 1er, 
m, (g) 
42 .19 4363 HOR 42 .99 43.54 42.6R 
Spec ifi c Grn ...-llY. (ls 
p, ~ m, ·m, [(m,- ,",)·(rnJ-m,lj 1.1 26 1.425 1.172 1.268 1.293 I .2.6:! 
Averaoe 1.241 1 274 
Sa mpl e 
Bott le No 
M I M2 
3A 3B 3C 4A 4B 4C 
. 
Mass u r bonle, Ill , (g) 1753 18. 39 17.2 5 177 1 18 .07 18.69 
Mass of boHie + dry SOIl, m, 
(S) 
185 I 19.50 IHA9 20.09 20 .h2 21 ]4 
Mass ofootl k -t ..;;oil + water, 
n1'\ (g) 
42.X3 43.52 42.54 43 .65 43. 73 44 25 
Ma s; of bolt Ie full of waler, 
m, (g) 
42 .59 43.24 42.::!fJ '12. 7(, 4293 43.3 1 
Specific Gravity, p, 
P, ~ m,-m, [(m,·m·l-(m.l·m,)1 1.324 J.J37 1.37 1.597 I 457 1.550 
Average 1346 1.535 
DI 
Liquid Limit Determination 
Sample No jvll 
Location Matang 
Depth 1 meter 
Description Peat so il 




ca n [g) 
Weighlofcull 
"f" wet sampl e 
\g) 
WeIght o f can 
"t toi ry sample 
(g) 
Mni.;; ture 




. \ ,ern~e 
mOI'$nlre 
cont~nl , W 




AI 9.68 10.79 10,10 I M, '\ 11 00 Ion z 10.25 
/\2 q 7Q II (P 10 '9 156 0 QSO 
B I 111 .12 11I6 10,53 103,1 I~ <O .:!07.J 17.25 
B2 9 ,R3 11 ,07 10.23 211 () IR.OO 
C I Q,8·1 11 ,2 5 10.17 127 ,9 18 .50 23 1.5 19 .00 
C2 9, (>5 12 .23 10 4 2 23 5. 1 19 ,50 
DI Q95 11.14 I IH4 158 4 245 11 250,7 2·L25 




















100 150 200 250 300 
moisture content (%) 
Remarks: 













Pea t so il + 10% sand 
Arasavindiran. M 
Ca n \\-!elght of W tIght of can We ight o f can Moisture Penetration Average Average 
o. can [gl + wet s.a mp k .;. dry sample conten t, \V (mno) mOIt;,ture (l~ne l ral j on 














IR t.1 13 .5U 
81 9./i6 14.06 l un 2 12.R 19. 5U 2 11.5 18. 75 
B~ 9.7~ 14. 36 11.23 2 10.1 1~.IlO 
CI QS6 1 ~ .O3 11.16 220.R 21. 50 225 ,4 ~ 1.00 
c: 'UI I~ 41) 11. 15 229. 9 20.5U 
DI 'i .87 13.8 3 11.0() 250..1 23. 50 247 .9 23.2 5 





















100 150 200 250 300 
moisture content (%J 
Remarks: 






Plastic Limit Determination 
Location Matang 
Depth I meter 
Tested by Arasavindiran. M 
Can No. Wei ~h l t>f 
can (g) 
Weighl of cnn 
+ wet ' 011 (g) 
We ig ht of can 
+ urv $011 (g) 
Moisture 
c('l ntenl , \\. (0 II) 
A verage Mois ture 
CC'ntenl. W (U (I) 
MI 
A l ° .74 9.S~ 9_7 9 IOO.U 
12RAA2 6,87 7.07 6q~ 150.0 
Al lI.h3 7.03 o.so us.) 








\\.e lght of can 




We Ight "Ccan 




T\101MlIre An:-ro.~t' f\lolo,;turt" 
cont~n l. wen 0) con t~JU . W (U 1Jo ) 
112.5 
IJJ .J I ~O .O 
11-1.3 I 
Can No. We Lght 01 
can (g) 
Wei ght of can 
- wei , o li (g) 
We ight of Cfl n 
-.\ drv w il (!.!.) 
Mfl is ture 
content. w (I) 1\) 
A\'cragc Moisture 
content. w (001'1 ) 
M3 
Al 9_99 11I.2R I() 12 12 3.1 
109.4A2 Q.94 10 24 I () . O~ 114 3 
AJ 9.8 2 10.03 9.93 90.9 
Can No. Welghlof 
can I ll) 
WeIght ofcan 
+ we l soil ( 2:) 
WeIght ofcan 
~ dry soil (g) 
MO isture 
con lent. " (n~) 
A\"erngc l\1olsrur(' 
content. \\' ((I~ ) 
M4 
AI IU.UO 10.22 10. 12 83 .3 
99.2"-2 9 .94 1024 10.08 114.3 








Method lI sed 
o.ofblows 
Diameter of mould 
Height of mould 







Peat soi l 

Arasavindiran. M 





Determination of Bulk density 
Trial No. Amount of 
wa ter (ml) 
WeIght of 
Weight pf 
compacle d ~0I 1 
(g) 
13ulk denSIIY, r 
(1\I g'rn ') 
Compacl eJ .s oil 




- base, !TI l 
I 400 5050 .1 4400 6"0. 2 0.63 1 
, 
- 800 5 1 Irl.-I 4-100 764 .4 tl. ;-12 
3 1200 5250 8 -1400 R508 O . R2~ 
-I 1600 5J SO . I ~~OO 9 ~0 . t 0.952 
5 2000 5500.9 4400 11 00.9 t .06Q 
6 2-100 5500..1 +IOU 11004 1.068 
7 2ROO 54 50.2 -1-100 1050.2 1.010 
8 J l()O 54g 1.5 4400 1081.5 1.050 














\\'eighlof tvlu isture 
contenl, 






Dcnsu y. pd 
(Mg m J )
( .w , fn , 
Cg) 
\~/e l ",o il ""t­
can, IT" Cg) 
Dry so d ., 
can, m3 
(g) 
















47.7 0 .427 

















































~7 . B 












10 .li 7 


















I I (, ..1 
125 .5 
11 4 9 












I I 39 
11.10 
ln. 1 
IJ ; 0 
13H 








I 1. ~5 
13.06 
13 .06 
~ . 72 
9.20 
9 .0 6 
141 .0 
IM .3 
I II 1.3 
155 5 0 .399 
DI'~' d ensity Vs Moistul-e content 














0 50 100 150 200 
Moistu re content (%) 
Remarks: 

Maximum Dry density = 0.524 Mglm J 











No. of blows 
Diameter of mould 
Height of mould 




Peat so il + 10% sand 
Arasavindiran. M 





Determination of Bulk density 
Weigh! o f 
Trial No. Amounf of Compac led soil Mo ld " bo;c, m, Weigh! o f Bulk density, r 
wa ter (ml) 1" mold -+­ base, (g) compact~d soil ( \1 ;: Ill') 
ITh f~1 (g) 
I 200 5 127..~ 4400 727.R 0.707 
2 400 52 31.R 4400 N3 1 8 (J .8[1R 
3 (,00 529 7.2 4400 8~7 . 2 U.R 7 1 
4 800 -' 68')." ..... 4400 q68 .2 U.940 
5 IOOIl 5456 1 4400 1056.1 1025 
(, 1200 5527.4 4400 IlnA 1.095 
7 1400 554(,. 3 4400 1146 3 1 11 3 
8 1600 5500 .0 4400 11 00.0 l.off8 
F2-2 

Compaction Tc t 

Determination of Moisture content and Dry density 

Trial Bulk Can We.gh. of MO ls[ure Average Dry 
No. densi') . p No. 
Can. nI. We t ,od .,. Dry sOI l.,. COnle n( , mOisture Den~ilY, pcl (Mg m ' ) (" ,J content, (M g/ m' ) 
(\:) can. m, (gJ can, m,l 
wC'~)
(g) 
AI 9.1>8 11 .41 I 1.10 11.54 
0 .707 A2 9 n 10.95 10 .72 24.4 7 23 .87 0 _57 1 
A3 9 _59 11.1 6 10_85 24.60 
BI 10 _14 1-1.1 7 13 . 18 31.57 
2 0.808 62 9. 8 1 13 .03 12.0 5 43.7 5 39 .39 0.5 0 
63 6 90 9.9 5 9_ 05 4 1.86 
CI 9 84 11 00 11.99 -111 .98 
3 (l_ i I C2 963 13 31 12.12 47.79 47 .74 0.590 
C3 IO li 2 12 .5 5 11.91 48A~ 
DI ~ . 9J 13_36 12_ III 538 1 
-I (J.940 D2 9 .7 1 13." 1 12.23 5P3 56 .92 0 .599 
D3 6 95 10. 5 1 9 20 5X .2:! 
EI 9.6Y 13A I 11.95 64 .60 
5 1.\12 5 E2 9.78 14 _18 12 .37 h9.R 6 . 11 U 61 0 
E3 9_58 12.79 II ..17 I>Q.~4 
F I 9.M 18 33 14 51 78.44 
(, I . O~5 F2 9.8 J 13 .97 l 2.I R 75.5' 77.52 11.6 17 
F3 7.0 5 1\.14 9.) 4 78.fiO 
0 1 9.71 19 16 14 .72 R8 . f1~ 
7 1.113 G2 .6 .9 1 14.72 I 1. 14 S4. 6J R64 2 U.597 
G3 1(, 9R 2 1.32 19 _32 RS ,47 
III 648 17_38 11. 8 I 104,n 
1.068 H2 9.72 15 .1 4 I nl 10 1.49 1I1} .30 0 _ 5~ 
H) 9_ 59 19.90 14.09 103_92 
Dry density Vs Mois ture conten t 
0.64 
~ 






I - ­~ 0_6 
I 














'0 " ,~ 0.54 r 
c 
0.52 · 
0 20 40 60 80 100 
 120 

moisture contenl (%J 
Remarks: 
Maximum Dry density = 0_6 17 Mg/mJ 











No. of blows 
Diameter of mould 
Height of mould 






Peat soil + 20% sand 
Arasavindiran. M 





Determination of Bulk density 
Trial No. A mount of 
water (ml) 




1311 1 ~ u<n,;ty, I' 
(M<; m) 
Compac led soil 
r mold + base, 
1112 ( ~l 
Mold "'t"" base, mt 
(g) 
I 200 5275.3 4400 875.3 0.850 
2 40() 5370.6 4400 970.1; 0.'142 
3 600 5437.2 440U 1037.2 I.OJ2 
4 ROO 5548.2 ~400 1148.2 I liS 
5 1000 5597.2 4~OU 1197.2 I 155 
6 1200 5577 .4 44011 11 77.4 1. 143 
7 1400 5555.2 4400 1155.2 1. 122 















